Abstract-In this paper, both frequency and time domain performances of a new compact planar antenna for the ultrawideband (UWB) applications are fully investigated. The proposed antenna has the size of 12x18 mm² providing a fractional bandwidth more than 128123% (3.057 GHz to 13.98 GHz, S11<-10 dB). The results show that the proposed antenna performances in term of wide bandwidth, small size, gain and radiation pattern, transmission coefficient and system fidelity factor are very satisfactory. Moreover, by fabricating and testing the proposed antenna, the simulation results are fairly verified.
INTRODUCTION
The increased needs of surveillance in different fields led to make the humankind more curious about the unseen and the unknown. In this context, detection through obstacles such as walls, ground or even human tissue has been of a strong interest for the research community. Microwave imaging science has enabled and helped us to resolve these problems. It is actually a good alternative for the other methods of detection [1] . Thanks to their advantages, ultra-wideband is one of the widely used technologies in the microwave imaging systems since the Federal Communication Commission (FCC) allocated the spectrum from 3.1 GHz up to 10.6 GHz in 2002 [2] for this technology communications. It can be defined as any technology using signals that have a bandwidth (BW) greater than 500 MHz or have a fractional bandwidth (FBW) greater than 20% of the center frequency, as described in (1) and (2) [3] .
(1) (2) Where and are the higher and the lower frequencies of the operating bandwidth respectively.
As the UWB antenna is the key issue of such systems, plenty of UWB antennas are introduced such as TEM horn, bowtie, spiral antennas and so on [4] - [8] . However, they present some drawbacks in term of bandwidth, size and pulse distortion. For that reason, the necessity of achieving the main requirements of Simplicity, low weight, low cost of fabrication and a wide fractional bandwidth is crucial [9] .
Recently micro-strip printed planar antennas attract tremendously many antenna's designers thanks to their interesting characteristics meeting the above criteria, which allow them to be used in emerging UWB applications. This type of antennas consist of a radiating element (patch) which can take several shapes , substrate and ground plane that can be either full or partial. Whereas, they present some limitations in term of the bandwidth, therefore many techniques of bandwidth and impedance matching enhancement are investigated.
In this paper, we propose an UWB small planar antenna for UWB applications that meet the previously mentioned criteria and covers the UWB range. Numerical simulations are conducted to evaluate the antenna performance in both frequency and time domain.
A. Related Work
The design of an UWB planar antenna for imaging system presents a real challenge. The main problem of this types of antennas is their operational bandwidth and their size. In this fact, a trade-off between the antenna size and the bandwidth is needed.
In the literature, there are fully examples of micro-strip patch antennas such as antenna having a semicircular slotted ground plane [10] , new UWB monopole antenna with dual band notched [11] , diamond antenna [12] , antenna which have a rose leaf structure [13] , bow-tie slot antenna for breast cancer detection [14] , rectangular ultra-wideband antenna for UWB and different wireless applications [15] .
Several techniques are studied and exploited in order to broaden the operating bandwidth, including modifications in ground plane [16] , slot-loading techniques [17] . In our work, our purpose lies on designing a small planar antenna which have a wide operational bandwidth relying on the advantage of both partial ground plane and the insertion of slots are exploited.
B. Contributions
The high bandwidth is an important factor in UWB applications particularly in microwave imaging. In our case, the antenna is intended for array-based imaging system in medical application. A high bandwidth will ensures a good images resolution [18] . www.ijacsa.thesai.org  The proposed antenna provides a good performances in term of gain and the radiation patterns are stable in the desired frequency band.
 The designed antenna has a small size, compact, simple and easy to fabricate which allow it to be integrated easily in array system for medical applications.
This paper is organized as follows: Section II discusses our contributions, describes the antenna design and shows the simulation and experimental results. Sections III and IV are respectively devoted for the frequency and time domain analysis. Finally, Section V concludes the findings of this paper.
II.
ANTENNA DESIGN AND ANALYSIS The proposed antenna of dimensions (12x18) mm² is designed on the FR-4 substrate with a dielectric permittivity of εr= 3.38 and thickness h = 1.524 mm, with two metallization faces representing the radiating element and a partial ground plane which has a thickness of t = 0.035 mm. The antenna will be fed by a 50 Ohm micro-strip line.  The basic antenna design consists of a simple square patch. First of all, a parametric study was conducted on the length of the ground (W G parameter) of the ordinary square antenna varying from 3.5 mm to 5.5 mm, the best results are obtained for W G =4.5mm as shown in Fig. 2 . To further enhance the antenna impedance matching and increase the operating bandwidth, we use four rectangular slots which are placed in the edges of the patch and another slot which has an exponential form made with (3). The progress of the design of the antenna, starting from the ordinary square patch to the modified square planar antenna is presented in Fig. 3 . (3) An additional path for surface current is created with the presence of these slots, which leads to producing another resonance, and as a result, increase the bandwidth [19] , [20] . The final antenna parameters are illustrated in Table I . 327 | P a g e www.ijacsa.thesai.org The structure is constructed and numerically simulated with the CST MWS software (Computer Simulation TechnologyMicrowaves Studio) [21] and fabricated in our laboratory (Fig. 5) . The measured and simulated reflection coefficient of the antenna are plotted in Fig. 6 , where we observe evidence of wideband characteristic of the design, defined at threshold limit of −10 dB or less. A satisfactory agreement between the measured results and the ones achieved with numerical simulation with small differences, which are probably caused by losses due to the SMA connector used for the measurement taking in account the miniature size of the propose antenna.
The proposed antenna gain is shown in Fig. 7 , and as it is apparent the antenna achieves a good gain values in the desired operating frequency band. The maximum gain achieved is over 4dB. Fig. 8 shows the radiation patterns of the proposed antenna at different frequencies (5, 8.5 and 11.5 GHz) for both E and H planes. The antenna presents acceptable quasi omnidirectional pattern required to receive information signals from all directions. 
III. FREQUENCY-DOMAIN ANALYSIS
The antenna frequency domain characteristics are summarized in the transfer function (transmission parameter S 21 ) and the group delay [22] . The transmission coefficient's magnitude and phase should be respectively flat and linear and any distortion will cause signal dispersion. We can evaluate the phase distortion by determining the group delay parameter with the relation (4) Where is S 21 phase. A constant group delay results to in linear S21 phase.
For that reason, a system of two identical antennas is considered. The antennas are separated by d=10 cm from each other (to have each antenna in the far-field of the other one) and placed in two different orientations, the face to face and side by side orientations (Fig. 9) ; one of the antennas is the transmitter and the other one act as the receiver. Fig. 10 presents the simulated transfer function and the group delay for each orientation. It can be seen that the transfer function is flat and the phase is fairly linear over the entire frequency band. 
IV. TIME-DOMAIN ANALYSIS
For ultra-wideband antennas, evaluating the time domain behavior and studying the dispersion is very important [11] . For that, a reference signal which meets the FCC mask covering the range from 3.1 up to 10.6 GHz, should be applied at the antenna input [9] . The optimal pulse is the one suggested in [23] which has a good corresponding to the FCC mask and it can be obtained by the Gaussian 5th derivative (Fig. 11) . Mathematically it can be given by (5):
Where A is a constant chosen to meet the limitations set by the FCC. To cover the right frequency band, the value of σ was set at 50.788 ps. The system fidelity factor is one of the most important factors to evaluate the antenna performance [24] , [25] . This factor can be defined as the maximum magnitude of the correlation coefficient between the received and the transmitted signals, in fact it can judge the similarity between the two signals. In general, a value less than 0.5 (50%) of the SFF will deliver a high distortion. The system fidelity factor can be evaluated using (6) [26] :
Where ( ) and ( ) are the transmitted and received signals respectively. The normalized transmitted and received signals in the time domain are presented in Fig. 12 . System fidelity factor is also calculated according to (6) using Matlab software for the two proposed orientations, and the results are summarized in Table II . We can see that a better system fidelity factor SFF is achieved (more than 92%). Therefore, the antenna has no any considerable dispersion. In this letter, a compact printed planar UWB antenna for radar and microwave imaging is proposed. The simulation results show that the performance of this antenna meet the desired requirement in terms of return loss parameter, gain, wide bandwidth and radiation pattern. The proposed antenna was fabricated and measured. Good agreement was obtained between simulated and measured data, covering the range from 3.057 GHz to 13.98 GHz (128%). The antenna presents a good performance in both time domain and frequency domain, where it exhibits a good system fidelity factor, a flat transfer function and a linear group delay, moreover, it has a low profile (< 2 cm) that can be easily integrated in arrays reducing their dimensions. The results of this antenna confirm that it is suitable for UWB applications. In future work, we aim to use the proposed antenna to design a Radar system for medical imaging applications able to offer a good images resolution benefiting of the UWB characteristis of the our antenna. 
